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1 
This invention relates generally fo improved 
lubricating off compositions. More particularly, 
if relates fo lubricating off compositions con- 
taining esters of thiophene-modified, maleic an- 
hydride-styrene copolymers as pour point de- 
pressants and viscosity index impçoveçs. 
In a copending application, Serial No. 736,106, 
filed Match 20; 1947, now Patent No. 2,570,846, 
patented October 9, 1951, by the present inventors 
and lobert W. Barrett, lubricating oil composi- 
tions containing copolymers of styrene and 
maleic anhydride, esterified with aliphatic al- 
cohols having from about 10 fo about 18 carbon 
atoms as V. I. improvers and pour point 
pressants are disclosed and claimed. 
As is well known, mineral lubricating oils tend 
to decompose, especially under heat and oxidizing 
conditions, such as those encountered in use 
in infernal combustion engines. The decom- 
position products formed in the oil are acidic 
in nature and exert a corrosive action upon the 
metal surfaces being lubricated. 
We bave now round that when styrene is 
polymerized with maleic anhydride in the pres- 
ence of thiophene, or alkyl thiophenes, thio- 
phene-type sulfur is introduced into the copoly- 
mer molecule. " We bave round further that the 
sulfu-containing polymer products may then be 
esterified with primary, normal, _saturated al- 
cohols having from about 10 fo about 18 carbon 
atoms, fo provide products, which are hot only 
effective viscosity index improvers and pour point 
depressants for lubricating oils, but which are 
also effective antioxidants for lubricating oils. 
Thus, these ester products inhibit the tendency 
of such oils to decompose in use and thereby re- 
tard the normal corrosive effects exerted by the 
off on the metal surfaces being lubricated. 
If is the primary object of this invention fo 
provide improved lubricating off compositions 40 
containing the thiophene-modified, styrene- 
maleic anhydride esters herein contemplated. 
Other objects will become apparent from what 
follows. 
As far as is known, the esterified thiophene« 45 
modified styrene-maleic anhydride copolymers 
have not been known heretofore, and they are, 
thereïore, .contemplated herein as new com- 
positions of marrer. 
The thiophene compounds suitable for u_se in 
preparing the polymer products of the inven- 
tion mas b¢ represented by the general formula 
s 
R--C \C--R' 
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where 1', 1 2, 3 and 1% 4 represent hydrogen or 
alkyl groups, which may be. straight, branch- 
chained or cycloaliphatic in structure. As typi- 
cal examples of suitable thiophene compounds, 
5 there may be mentioned thiophene per se, 2- 
nethyl thiophene, 3-methYl ttfi0phene, 2-tertiary- 
butyl thiophene, 2,5-di-tertiary-butyl thiophene, 
2,3,5-trimethyl thiophene, 2,3,4,5-tetra-methyl 
thiophene, 2,5-dimethyl, 3,4-diethyl thiophene, 
10 2-cyclohexyl thiophene, 2-d0decy!. thiophene, 2- 
octadecyl thiophene, 2-wax thiophene and 2,5- 
di-wax thiophene. 
The esterified thiophene-modified copolymer 
products of the invention are prepared by, first, 
15 reacting together maleic anhydride and styrene 
in the presence of the thiophene derivative to 
form the thiophene-modified, maleic anhydride- 
styrene copolymer and then esterifying the prod- 
uct with the alcohol. 
0 Substantially equimolar quantifies of maleic 
anhydride and styrene are employed in the co- 
polymerization reaction, the thiophene com- 
pound being present in af least about equimolar 
amount; and preferably in excess, the preferred 
 amount being from about 4 fo about 10 moles 
per mole of maleic anhydride or styrene, since 
these latter amounts provide products having the 
largest percentages of thiophene incorporated 
therein. 
30 The reaction may also be carried out with the 
aid of benzene, xylene, dioxane or the like as 
solvent materials where desirable.. 
Suitable reaction temperatures range from 
about 75 ° C. fo about 125 ° C., the normal prac- 
tice being to utilize a temperature sufficient fo 
maintain the reaction mixture at gentle reflux. 
The rime of reaction varies between about 1 and 
about 10 hours, however, the reaction is gen- 
erally completed in from about 2 fo about 7 hours. 
,/e have round that a catalyst is unnecessary, 
although the reaction is facilitated by the use 
of a small amount, from about 1 to 5 weight 
percent, based on the amount of maleic anhy- 
dride used, of an organic peroxide catalyst, such 
as benzoyl peroxide. 
The thiophene-modified copolymer product is 
esterified with a primary, normal, saturated, 
aliphatic alcohol to produce the esterified copoly- 
mers of the invention. The esterification reac- 
50 tion is effected under ordinary esterification con- 
ditions, i. e. by heating the copolYmer and the 
alcohol in the presence of strong sulfuric acid. 
The saturated, normal alcohols suitable for 
providing the products herein contemplated are 
55 those having from about 10 to about 18 carbon 
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atoms. Any of these alcohols will yield ester 
products which are effective as V. I. improvers 
in mineral oils. However, only those relatively 
pure alcohols having from 14 to 16 carbon atoms, 
or a mixture of alcohols having an average of 
about 14 carbon atoms, will provide products 
which are effective as pour point depressants. 
Speciflcally, the alcohols which we may use 
are decyl, undecyl, dodecyl, tridecyl, tetradecyl, 
pentadecyl, hexadecyl, heptadecyl and octadecy] 
alcohols. A preferred alcohol reactant, however, 
is "Lorol-B." This is a mixture of alcohols mar- 
keted by E. I. du Pont de Nemonrs  Company, 
which contains saturated, straight-chain al- 
cohols in the following approximate proportions: 
2.5% of C-10 alcohols, 55.0% of C-12 alcohols, 
20.5% of C-14 alcohols, 9.0% of C-16 alcohols 
and 13.0% of C-18 alcohols; the average chain 
length of the alcohols being 13.5 carbon atom. 
per molecule 
A more complete understanding of the inven- 
tion will be had from the following examples 
illustrating detailed procedues which may be 
conveniently followed in Irearlng our new reac. 
tion products. 
EXAMPLE I 
THIOPHENEMODIFIED STYRENE-'ALEIC ANHYDRIDE 
COPOLYME 
leaction mixture 
Grains 
Maleic anhydride ....................... 24.5 
Styrene ................................ 25.5 
Thiophene ............................. 200.0 
Benzoyl peroxide ........................ 1.0 
These reactants were placed in a /2 liter °tain- 
les° steel stirring-type autoclave. The autoclave 
temperature was maintained at 121 ° C. for a 
period of 6 hours. The product, a brittle, 
thiophene-insoluble material, was then isolated 
by filtration and dissolved in acetone. By pour- 
ing this solution into methan(l, flltering and 
drying the precipitate, çhere was obtained 37 
grains of a pale brown, amorphous powder con- 
talning 2.1% sulÏur. 
EXAIVIPLE II 
2- IJ[ETH YLT H I0 P HE I'E- .[ODIFIED ST1OEENE-['ALE1-C 
AN HYDEIDE COPOLYER 
Raction mixture 
Maleic anhydride ................ grams__ 49 
Styrene ........................... do .... 40 
2-methylthiophene ................... cc__ 500 
Benzoyl peroxide ................. grain__ 1.0 
These reactants were placed in a 3-neck, 
round-bottom fiask equipped with a reflux con- 
denser, thermometer and mechanically driven 
°titrer. The mixture was then refluxed for a 
period of 5 hours at 1'16 ° C. The product, an 
amorphous, pale brown, insoluble material, was 
isolated from the solvent layer by decantation, 
and then dissolved in acetone. By pouring this 
solution into methanol, flltering and drying the 
precipitate, there was obtained 53 grains of a 
pale brown, amorphous powder containing 3.3% 
sulfur. A saponification value of 537 indicated 
that the product contains .47% by weight of 
maleic anhydride. 
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EXAMPLE III 
-IETH YLTH IOI'HENE-IIoDIFIED STYRENE-IALEIC 
ANHYDRIDE COI'OL[ER 
5 
Reaction mixture 
Maleic anhydride ................ grains__ 49 
Styrene ........................... do .... 50 
3-methylthiophene ................... cc__ 500 
I0 Benzoyl peroxide ................. grain__ 1.0 
These reactants were placed in a 3-neck, 
r(und-bottom flask equipped with a reflux con- 
denser, thermometer and mechanlcally driven 
15 stirrer. The mixture was then heated for a pe- 
riod of 5 hours ai 119 ° C. The product, an 
amorphous, pale brown, insoluble material, was 
isolated from the solvent layer by decantation 
and then dissolved in acetone. By pouring this 
20 solution into methanol, flltering and drying the 
precipitate, there was obtained 84 grains of a 
pale browr, amorphous powder ¢ontaining 4.8% 
sulfur. A saponiflcation valu. of 519 indicatd 
that the .product contains 45.3% by weight 
25 maleic anhydride. 
EXAIIPLE IV 
- T-B UTYLTH IOPHENE-¢IOD IFID STYREI EALEIC 
flNHYDRIDE .COPOLYIER 
3O 
leaction mixture 
Maleic anhydride ................ grams__ 49 
Styrene ........................... do .... 52 
2-t-butyl thiophene .................. cc__ 250 
35 Benzoyl peroxide .................. grain__ 1.0 
These reactants were placed in a 3-neck, 
round-bottom fiask equipped with a reflux con- 
denser, thermometer and mechanically driven 
4O °titrer. The mixture ws then heated for a pe- 
riod of 2 hours at 80-90 ° C. The product, a brit- 
tle, insoluble material, was then isolated by fil- 
tration and dissolved in acetone. By pouring this 
solution into methanol, flltering and drying the 
45 precipitate, there was obtained 79.5 grains of a 
pale brown, amorphous powder containing 2.1% 
sulfur. A saponiflcation value of 531 indicated 
that the product contains 46.5% by weight 
maleic anhydride. 
0 
EXAMPLE V 
2,-D»T-BuTYL THIOPHENE-I[0DIFIED STYRE'E- 
ALEIC ANHYDEIDE COPOLYMER 
Reaction mixture 
Maleic anhydride ................ grains__ 49 
Styrene ........................... do .... 52 
Benzoyl peroxide .................. grain__ 1.0 
0 2,5-di-t-butyl thiophene .............. ce__ 250 
These reactants were placed in a 3-neck, 
round-bottom flask equipped with a reflux con- 
denser, thermometer and mechanically driven 
5 stirrer. The mixture was then heated to 80 ° C. 
and as the result of a violently exoçhermic re- 
action the temperature rose to 180 °C. The prod- 
uct, a brittle insoluble material, was then isolated 
by decantation and dissolved in acetone. By 
pouring this solution into methanol, flltering and 
drying the precipitate, there was obtained 82 
grains of a pale brown, amorphous powder con- 
taining 1.66% sulfur. A saponiflcation value of 
495 indicated that the product contains 43.2% 
by weight of maleic anhydride. 



EXAMPLE VI 
3-1%ETHYL TIIIOPHENE- 0DIFIED TYRENE - I%ALEIC 
2kNHYDIIDE 0POLYME (XYLENE SOLVENT AND A 
0L. EQçAENT OF 3-[ETHYL THIOPHENE) 
eacion mixture 
Muleic aydride ....... grums ( mole)-- 49 
Stene ........................... dol___ 52 
3-methyl thiophene ................ do .... 49 
Beoyl peroxide .................. grain__ 12 
Xylene .............................. cc__ 6 
e reactants were placed in a 3-neck, 
round-bottom flask eqpped with a reflux con- 
de,er, thermometer and mechacally driven 
stirrer. e xture was then heated fo 125 
and as a result oï an exotherc reaction, the 
temperature rose fo 14  C. Aïter coog fo 
115" ç. the xture was maintaed at ts tem- 
perate ïor one bout. e product, an aost 
wte, xylene-ioluble, amorphous solid, was 
flltered ïrom the retio solvent by means 
Buchner ïel. urther purification was 
compshed by dissolng the poler in acetone 
(300 cc.) and poing this solution into metnol 
(1500 cc.). The precipitated product, aïter sep- 
aration d drying, was a white, amorhous 
powder weighing 79 grs and containing 0.79% 
STYNE-EIC NHRE COPOLYMEK (XYLNE 
S0WNT) 

leaetion mixture 
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minutes at this temperature, the product was 
permitted fo cool to room temperature. The 
viscous composition was then diluted with 100 cc. 
Of benzol and stirred with about 10 grams of so- 
5 dium bicarbonate fo neutralize the acidic cata- 
lyst. After filtration through "Hi-Flo" clay, the 
filtrate was topped fo 300 ° C. at 5 mm. pressure 
to remove solvents and unreacted Lorol alcohol. 
The product, a light brown, tacky material, had a 
10 neutralization number of 6.0, indicating that es- 
sentially complete esterification of the copolymer 
had taken place. The sulfur content of the 
finished product was 0.82%. 
The product of Example VIII was free of 
15 mineral off in the finished form. Some of the 
products in the following examples were blended 
with mineral off fo the extent of 75%, to lower 
the viscosity of the additive and thus facflitate 
further blending operations. All concentrations 
.0 of the various esters evaluated are, however, re- 
ported on the basis of mineral oil-free products. 

EXAMPLE IX 

25 DI "LooL-B" ESTEI% OF THE 2-1[ETHYL THIOPHENE- 
MODIFIED STYRENE-]V[ALEIC ANHYDRIDE COPOLYI%iER 
OF EXAMPLE II 

SO 

leaction mixture 

2-methyl thiophene-modifled styrene-ma- 
leic anhydride copolymer (Example II) 
grains__ 15.0 
"Lorol-B" _ ...................... do .... 37.5 

Maleic anhydride ................ grains__ 
Styrene ........................... do .... 52 
Xylene = ............................. cc__ 600 
Benzoyl peroxide .................. grain__ 1.0 
The reactants were placed in a 3-neck, round- 
bottom flask equipped with a reflux condenser, a 
thermometer and a mechanically driven stirrer. 
The mixture was then heated for a period of one 
hour ai '110-120 ° C. The product, a white, 
amorphous solid, was isolated by filtration and 
washed with xylene and methanol. After oven 
drying, the polymer weighed 100 grains. 
EXAMPLE VIII 
DI "LoRoL-B" ESTER OF THE THIOPHENE-I/0DIFIED 
TYENE-IALEIC', _kNHYDRIDE ÇOPOLYI*£ER OF 
AMPLE I 
2eaction mixture 
Thiophene-modifled styrene-maleic anhy- 
dride copolymer (Example I) .... grains__ 15.0 
"Lorol-B" - ........................ do .... 40.0 
Xylene ........................ - ..... cc__ 200 
Sulfuric acid (98%) .................. cc__ 0.3 
The reaction mixture was placed in a one-liter, 
three-neck fiask equipped with a thermometer, 
mechanical stirrer and condenser. Between the 
condenser and flask was placed a Dean and Stark 
moisture trap fitted with a stopcock for removing 
water and solvent when so desired. A short while 
after the mixture had been heated at the reflux 
temperature of 140-150 °C., the suspended co- 
polymer gradually reacted fo ïorm the hall ester. 
The homogeneous solution thus obtained was 
then maintained at this temperature for about 
3 hours, during which rime the water of reaction 
slowly distilled over into the moisture trap, with 
:the aid of the refluxing xylene solvent. The 
xylene was then permitted to distill off until 
the temperature of the reaction mixture had 
reached 160 ° C. After remaining for about 

49 85 Xylene ............................. cc__ 200 
Sulfuric acid (98%) ................ cc__ 0.3 
The saine general procedure was followed as 
outlined in Example VIII. 
EXAMPLE X 
DI "LoRoL-B" ESTEI OF THE -IIETHYL THIOPIIENE- 
'[ODIFI TYRENE-[.,EIC ANHYDRIDE COPOLYB[EI{ 
45 OF EXAME III 
Reac$ion mixSure 
3-methyl tophene-modffied syrene-ma- 
0 leic anhydride copolymer (Example III) 
grains__ 15.0 
"Lorol-B" _ ...................... do .... 37.5 
Xylene ............................. cc__ 200 
Sulfuric acid (98%) ................ cc__ 0.3 
5 
e saine general procedure was ïollowed as 
outned in Example VI. 
60 
DI "LoRoL-" ESTER OF THE 2-TUTYL HIOHENE- 
IODIED STYRENE-IEIC NHYDRIDE COOZYEa 
OF EXAMFLE IV 
65 Reac$ion mixture 
2-t-butyl thiophenemodified styrenema 
leic anhydride copolymer (Example IV) 
gras__ 15.0 
70 ."Lorol-B" _ ....................... do .... 37.5 
Xylene ............................. cc__ I00 
Sulfuric acid (98) ................. oc__ 0.3 
The saine general procedure was followed as 
15 75 outlined in Example . 
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EXAMPLE XI_I " 
DI "Lo!0L_-B" ESTEK O T/dE ,5-.DI-T-BUTYL ïItlO- 
PHENE-0IFIED TYRENE-AOEIO ANHYDID 'C0- 
POLYE 0F EAMPLE V 
eac$ion mix$ure 
2,5-di-t-butyl iophene-modified styrene- 
maleic anhydride copolymer (Example 
V) ........................... ams__ 15.0 I0 
"rol-B" _ ....................... do .... 37.5 
Xylene ............................. cc__ 100 
Sulfuric cid (98) ................. ce__ 0. 
The saine general procedure was followed as 15 
outlined in Example II. 
EXOE  
DI "LORoL-B" ESTER 0F THE 3-[ETYL ï 
I{10l HENE- 
f0DED STYRENE-[ALEIO ANHYDRIDE COPOLYMER 20 
0F AP VI 
eac$ion mix$ure 
3-methyl thiophene-moded styrene ma- 
leic anhFdride oolymer (Example VI) 
grains__ 15.0 
"Lorol-B" _ ....................... do .... 37.5 
lene ............................. cc__ 200 
Sulfio cid (98) ................. cc__ 0.2 30 
The saine general procedure was followed as 
outlined in Example 
EOE V 
DI "LOoL-B" EST OF THE 8TYRENE-LkLEIC 
DRIDE COPOLY[ER 0F APLE ¥1I 
Reac$ion mix$ure 
Styrene-maleic aydride copolymer (Ex- 
ainple V) ................... grains__ 15.0 
"rol-B" _ ....................... do .... 37.5 
Xylene ............................. cc__ 200 
Sulfuric cid (98) ................. cc__ 0.2 
45 
The saine general procedure was followed as 
outlined in Example . 
E XV-A 
DI-DECYL ESTEK 0F THE 3- THIOPHENE-[0DI- 0 
FIED TYNE-OEALEI0 ANYDRIDI COPOLY[EK 0F 
EXAMPLE I 
eac$ion mix$ure 
55 
3-inethyl çhiophene-modified styrene-ma- 
leic anhydride copoler (Example ) 
gras__ 15.0 
l-decanol ........................ do .... 29.0 
Xylene ............................. cc__ 200 60 
Sfuric cid (98%) ................. cc__ 0.2 
EOE -B 
DI-DODECYL ESTER 0F THE 3-[ETYLTIOPHENE-[0D- 
IFIED SRENE-ALmO ANE COPOLY[ER 0F 6 
EXAMPLE I 
Reac$ion mix$ure 
3-methyl thiophene-modified styrene-ma- 
leic aydride copolymer (Example VI) 
grains__ 15.0 
l-dodeoanol ...................... do .... 33.0 
Xylene ............................. cc__ 200 
Sulfuric oid (98) ................. 
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EXAIV£PLE XV-C 
DI-OEETIIADECYL ESTER OF THE 3-'ETI{YL ïI{IOPHENE- 
IODIFIED STYRENE-'.%.LEIC ANHYDI1IDE COPOLY[ER 
OF ]XA][PLE VI 
Ieaction mixture 
3-methyl thiophene-modified styrenc-ma- 
leic anhydride copolymer (Example VI) 
grains__ 15.0 
l-tetradecanol ................... do .... 37.5 
Xylene ............................. cc__ 200 
Sulfuric acid (98%) ................. cc__ 0.3 
EXAMPLE 
DI-HEXADECYL ]STER OF THE 3-I%]:ETHYL THIOPHENE- 
][0DIFIED STYRENE-I-[ALEI0 ANYfYDRIDE COPOLYA[ER 
OF ]]XA][PLt çI 

Ieaction mixture 
3-methyl thiophene-modhïed styrene-ma- 
leic anhydride copolymer (Example 
grains__ 15.0 
l-hexadecanol .................... do .... 45.0 
25 Xylene ............................. co__ 200 
Sulfuric acid (98%) ................. cc__ 0.5 
EXAMPLE XV-E 
DI-OC, TADECYL ESTER OF TE 3-J[ETHYOE, T[IOPIENE- 
fODIFIED STY!ENE-[ALEIC AN]:fYDRIDE COPOLYMER 
OF ]XAMPLE çI 
Ieaction mixture 
35 3-methyl thiophene-modified styrene-ma- 
leic anhydride copolymer (Example VI) 
grains__ 15.0 
1-octadecanol .................... do .... 46.0 
Xylene ............................. cc__ 200 
40 Sulfuric acid (98%) ................. cc__ 1.0 
The saine general procedure was followed for 
these products as outlined in Exarnple VIII. 
POUf% POINT DEPIESSION AND 
V. I. IIVfPIOVEIVfENT 
To deinonstrate the effectiveness of the various 
products in reducing the pour point and increas- 
ing the viscosity index of lubricating oi]s, the re- 
sults obtained in tests conducted on blends of 
the various products in various proportions in 
lubricating oils are presented in Tables i and iI. 
Two different base oils were used in these 
tests, off A being a solvent-refined Mid-Continent, 
SAE 30 grade off, having a kineinatic viscosity 
at 210 ° t. of 11.96 and a 20 ° F. pour point, and 
off B being an acid-refined, M/d-Continent stock 
with a kineinatic viscosity at 100 ° F. of 30.49, a 
kineinatic viscosity at 210 ° F. of 4.83 and a vis- 
cosity index of 80.1. 
Table I shows the effect of varying the type 
of thiophene derivative utflized in Inodifying the 
styrene-inaleic anhydride copolymer, while Table 
II hows the effect of varying the ester chain 
length of the 3-inethyl-thiophene-inodified co- 
polymer, if will be observed from Table I that 
the best results were obtained with the copoly- 
.mers Inodified with the branched-chain alkyl 
thiophene derivatives, while Table II shows that 
70 only the esters derived from the 14 and 16 
carbon atoin alcohols to be effective as pour point 
depressants, .although good viscosity index im- 
provement is effected by the esters of any of the 
alcohols having froin 10 carbon atoins up to 18 
0.5 5 carbon atoins. 
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EX. No. 

VIII ....... 
IX ........ 
XI ........ 
XII ....... 
XIII ...... 

Thiophene Compound 

Thiophene ............ 
2-Methyl Thiophene__ 
3-Methyl Thiophene__ 
2-T-Butyl Thiophene. 
2, 5-Di-i-Butyl Thio- 
phene. , 
3-Methyl Thiopnene 
(1Violecular Equiva- 
lent÷Xylene). 

Type Ester 

"Lorol-B" 
___do ....... 
__do ....... 
__do ....... 

ASTM Pour Point 
in Off A 

--30 
--30 
--20 
--30 
--30 

--20 +15 
--25 --10 
-15 +5 
--30 --25 
--30 --25 
--30 --25 

V. I. of 1% Blend lu 
0ii B 

IZin. Vis. IZin. Vis. 
@100 °F. @210 °F. 
31.94 5. 01 
32. 97 5.18 
32.42 5.09 
35. 69 5. 60 
39. 52' 6. 23 
33.34 5. 25 

85.{ 
92.  
89. « 
104,  
114. 
95.' 

Table 

Ex. NO. 

XV-A .... 
XV-B .... 
XV-C .... 
XV-D .... 
XV-E .... 

Thiopheue Compound 

3-1Iethyl Thiopheae__ 
.... do ................ 

Type Ester 

1-Decanol, .- 
1-Dodecanol_ 
1-Tetrade- 
canol. 
1 -Hexa d e c - 
anol. 
1-Octade- 
canol. 

ASTM Pour Point 
in Off A 
+20 1 ..... 
+201 ..... 
...... i- ï ï£5 
...... --20 --I0 

CORROSION INHIBITION 
As mentioned hereinbefore, an added advan- 
rage of out new thiophene-modified products is 
their ability to prevent corrosion of metal sur- 
faces. To demonstrate this ability several of the 
products were tested in the Socony-Vacuum bub- 
ble test. In this test a connecting rod bearing 
having a Cd-Ag alloy surface is carefully 
weighed and placed in a 200 x 25 mm. test tube 
together with 30 grains of the test off. The test 
tube is placed in a constant temperature bath and 
air blown through the test off at the rate of 2 
liters ,per hour for the required rime (22 hours) 
at a temperature of 175 ° C. The test piece is 
then removed and weighed for loss in weight. 
The results are reported in mgms. of weight loss. 
The results obtained in several such tests, con- 
ducted on blends of the various products in a 
solvent refined off having a kinematic viscosity 
of 8.2 at 210 ° F., are given in Table III. As can 
be observed from the data, the product of Ex- 
ample XIV, which was hot modified with a thio- 
phene compound, does hot prevent bearing cor- 
rosion, whereas the thiophene-modified products 
provide substantial corrosion inhibition. 

V. I. ofl% Blend 
in Oil B 
Kin. Kin. V.I. 
Vs, Vis. 
,0O ° F 210 ° F 
32. 77 5.13 90.1 
30. 07 5.16 90.3 
32. 28 5.07 88. 5 
32.23 5. 04 86. 2 
32. 69 5.09 87. 2 

Although, as demonstrated herein, oils contain- 
ing % of the products of the invention are 
35 markedly improved, significant improvement wfll 
be obtained by the use of as little as .01%. Fur- 
thermore, although amounts up to about 1% are 
generally sufficient, in certain applications as 
much as 10% of the additive compounds are used. 
4O Also, if is contemplated that the products of 
the invention be incorporated in greater con- 
centration, i. e. above 10%, fo provide "concen- 
trates" of these materials in off for marketing, 
such concentrated compositions affording a read- 
45 fly soluble form of the additivelmaterials for di- 
lution with further quantities of off prior to ac- 
tual use. 
The ofls in which out new addition agents are 
incorporated, or the off "concentrates," may also 
50 contain other addition agents, designed to im- 
prove the character of the off in other respects, 
such as extreme pressure quality, detergency, etc. 
Although the principles of the invention have 
been illustrated herein by means of certain spe- 
55 cific examptes and tests, it is hot intended that 
the scope of the invention be limited thereby, but 
only as indicated in the appended claires. 

Table III 

Product 
of Ex- 
ample 
No. 

VIII .... 
XI ...... 
XIV .... 

Product 

Di i'Lorol-B" Ester of the Thiophene 
Modified Styrene-Maleic Anhyoe'ide 
Copolymer. 
Di "Lorol-B" Ester of the 3-Methyl 
ThiopheneModified Styrene-Maleic 
Anhydride Copolymer. 
Di "Lorol-B" Ester of the 1-t-Butyl 
Thiophene Modified ityrene-Maleic 
Anhyoe'ide Copolymer. 
Di "Lorol-B" Ester of the ityrene- 
Maleic Anhydride Copolymer. 

Bearing Wt. Loss (mgs.) in 
Bubble Test (CD-AG Bearing) 
Concentration of Additive 

4 
24 

½% 
K% 
___ ,, , 
...... " 14 5 
1 ] ...... I ...... 

Blank 
Oil 
20 
20 
24 
18 
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Il 
We claire: 
1. A mineral lubricating off containing a minor 
amount, sufficient to improve the viscosity index 
of said off, of a reaction product prepared "by the 
steps of (1) reacting together («) about 1 mol 5 
of maleic anhydride, (b) about 1 mol of styrene 
and (c) from about 1 to about 10 mols of a thio- 
phene compound selected from the group consist- 
ing of thiophene and alkyl-substituted thio- 
phenes, at a temperature of from about 75 ° C. to 10 
about 125 ° C., and (2) esterifying the product 
obtained in step 1 with a primary, normal, satu- 
rated alcohol having from about 10 to about 18 
carbon atoms. 
2. A mineral lubricating off containing a minor 1;3 
amount, from about 0.01 per cent to about 10 
per cent, of a reaction product prepared by the 
steps of (1) reacting together («) about 1 mol 
of maleic anhydride, (b) about 1 mol of styrene 
and (c) from about 1 to about 10 mols of a thio- OE0 
phene compound selected from the gr0up con- 
sisting of thiophene and alkyl-substituted thio- 
phenes, at a temperature of from about 75 ° C. 
fo about 125 ° C., and (2) esterifying the product 
obtained in step 1 with a primary, normal, satu- 25 
rated alcohol having from about 10 to about 18 
carbon atoms. 
3. A mineral lubricating off containing a minor 
amount, suflicient to depress the pour point of 
said off, of a reaction product prepared by the 0 
steps of (1) reacting together (a) about 1 mol 
of maleic anhydride, (b) about 1 mol of styrene 
and (c) from about 1 to about 10 mols of a thio- 
phene c0mpound selected from the group con- 
sisting Of thiophene and alkyl-substituted thio- 55 
phenes, ai a temperature of from about 75 ° C. to 
about 125 ° C., and (2) esterifying the product 
thus obtained with a primary, normal, saturated 
alcohol having from 14 to 16 carbon atoms. 
4. A mineral lubricating off containing a minor 40 
amount, sufficient to depress the pour point of 
said off, of a reaction product prepared by the 
steps of (1) reacting together (a) about 1 mol of 
maleic anhydride, (b) àbout 1 mol of styrene and 
(c) from aboat 1 to about 10 mols of a thiophene 45 
compound selected from the group consisting of 
thiophene and alkyl-substituted thiophenes, at a 
temperature of from about 75 ° C. to about 125 ° 
C., and (2) esterifying the product thus obtained 
with a mixture of primary, normal, saturated 50 
alc0hols having an average of about 14 carbons 
per molecule. 
5. A minerai lubricating off containing a minor 
amount, suflcient to improve the viscosity index 
of said off, of a reaction product prepared by the 55 
steps of (1) reacting together («) about 1 mol 
of maleic anhydride, (5) about 1 mol of styrene 
and (c) from about 1 to about i0 mois of 2-terti- 
ary-butyl thiophene and (2) esterifying the prod- 
uct obtained in step 1 with a primary, normal, 60 
saturated alcohol having from about 10 to about 
18 carbon atoms. 
6. A mineral lubricating off containing a minor 
amount, sufficient to improve the viscosity index 
of said oil, of a reaction product prepared by the 65 
steps of (1) reacting together (a) about 1 mol of 
maleic anhydride, () about 1 mol of styrene and 
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(c) from about i to about 10 mols of 2-tertiary- 
butyl thiophene and (2) esterifying the product 
obtained in step 1 with a mixture of primary, 
normal, saturated alcohols having an average of 
about 14 carbon atoms per molecule. 
7. A mineral lubricating oil containing a minor 
amount, suflicient to improve the viscosity index 
of said off, of a reaction product prepared by the 
steps of (1) reacting together («) about 1 mol 
of maleic anhydride, (b) about 1 mol of styrene 
and (c) from about i to about 10 mols of 2-methyl 
thiophene and (2) esterifying the product ob- 
tained in step 1 with a primary, normal, satu- 
rated alcohol having from about 10 to about 18 
carbon atoms. 
8. A mineral lubricating off containing a minor 
amount, sufficient to improve the viscosity index 
of said off, of a reaction product prepared by the 
steps of (1) reacting together () about 1 mol of 
maleic anhydride, (b) about i mol of styrene and 
(c) from about 1 to about 10 mols of 2-methyl 
thi0phene and (2) esterifying the product ob- 
tained in step 1 with a mixture of primary, nor- 
mal, saturated alcohols having an average of 
about 14 carbon atoms per molecule. 
9. A mineral lubricating off containing a minor 
amount, suflicient to improve the viscosity index 
of said off, of a reaction product prepared by the 
steps of (1) reacting together («) about 1 mol of 
maleic anhydride, (b) about 1 mol of styrene and 
(c) from about 1 to about 10 mols of thiophene 
and (2) esterifying the product obtained in step 
1 with a mixture of primary, normal, saturated 
alcohols having an average of about 14 carbon 
atoms per molecule. 
10. A mineral lubricating off containing a 
minor amount, sufficient to depress the pour point 
of said Off, of a reaction product prepared by the 
steps of (1) reacting together (a) about 1 mol 
of maleic anhydride, (b) about 1 mol of styrene 
and (c) from about 1 to about 10 mols of 2,5-di- 
tertiary-butyl thiophene and (2) esterifying the 
product obtained in step 1 with a mixture of 
primary, normal, saturated alcohols having an 
average of about 14 carbon atoms per molecule. 
11. A mineral lubricating off containing a 
minor amount, suflicient to depress the pour point 
of said off, of a reaction product prepared by the 
steps of (1) reacting ogether («) about 1 mol 
of maleic anhydride, (b) about 1 mol of styrene 
and (C) from about i to about 10 mols of 3-methyl 
thi0phene and (2) esterifYing the product oU- 
tained in step i with tetradecyl alcohol. 
IERDINA/WD P. OTTO. 
OR M. REiPF. 
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